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Microorganisms have mechanisms to sense their environment and
rapidly adapt to survive changes in conditions. In Streptomyces
albus, various transcriptional repressors mediate the induction of
heat shock genes. The RheA repressor regulates the synthesis of
HSP18, a small heat shock protein, which plays a role in thermo-
tolerance. The RheA protein was purified to determine how it
responds rapidly to temperature. Gel retardation assays and foot-
printing experiments identified the specific target of RheA as an
inverted repeat (TGTCATC 5N GATGACA) located in Phsp18, PrheA
which is the common promoter region of the divergon. Gel retar-
dation assays detected RheA-complexes formed with the hsp18-
rheA promoters. The complexes did not form at higher tempera-
ture. In vitro transcription experiments showed that RheA is an
autoregulatory protein and that its activity is inhibited by high
temperature. The temperature-induced derepression by RheA is
reversible. Dichroism circular spectroscopy revealed a reversible
change of RheA conformation in relation with the temperature
that could represent a transition between an active and an inactive
form. Our experiments demonstrate that RheA acts as a cellular
thermometer in hsp18 regulation.

Cells exposed to an increase in temperature respond by
rapidly inducing the expression of heat shock proteins

(HSPs). Many HSPs are molecular chaperones or proteases,
which ensure maintenance of protein integrity by acting on
protein folding, secretion, repair, and degradation (1, 2).
Although the induction of HSPs is a universal response, there
are diverse regulatory mechanisms for controlling their syn-
thesis in different organisms.

In Escherichia coli, heat shock gene transcription is regulated
through control of the concentration and activity of the positive
regulator s32 (encoded by rpoH) (for reviews see refs. 3 and 4).
In Bacillus subtilis, heat-inducible genes can be classified into at
least four classes according to their regulatory mechanisms (5,
6). The thermoregulation of class I genes depends on a repressor
(HrcA) that interacts with an inverted repeat motif called
CIRCE (7, 8). Class II heat shock genes are positively regulated
by the sB factor, whose synthesis and activity is increased under
stress conditions (9). Class III genes are negatively regulated by
CtsR, which recognizes a directly repeated heptanucleotide
operator sequence (5). Class IV comprises heat shock genes of
unknown regulation. In some bacteria, heat shock regulation
mediated by HrcA and s32 coexist (10, 11). In eukaryotes, a
preexisting transcriptional activator, HSF, activates heat shock
genes by binding to conserved upstream response elements. In
unstressed cells, HSF is in a monomeric non-DNA-binding form.
After heat shock, HSF is converted to the trimeric DNA-binding
form (12–14).

At least four mechanisms have been described in thermoreg-
ulation in bacteria: (i) chaperone-mediated capture of regula-
tors, (ii) changes in mRNA conformation, (iii) DNA supercoil-
ing, and (iv) changes in protein conformation (for review, see ref.
15). The two first mechanisms concern the general system of heat
shock response in bacteria. The others have been described for
specialized functions such as expression of virulence genes. (i)
The mechanisms that lead to the up-regulation of the transcrip-
tional activity of heat shock genes differ among species, but the

main chaperones (GroEL or DnaK) are involved in most cases.
Denaturation of cellular polypeptides is the direct signal of
temperature increase. In E. coli, a temperature up-shift leads to
a rapid increase in the level of active s32 caused by enhanced
synthesis and stabilization. At 30°C, the DnaK chaperone system
destabilizes s32 (16, 17) and sequesters it in an inactive state that
can facilitate its degradation by FtsH protease (18, 19). Heat
shock denatures cellular polypeptides; the DnaK system binds
these misfolded polypeptides and releases s32. An analogous
feedback mechanism has been found in B. subtilis: the activity of
HrcA is modulated by the GroE chaperonin system (20). (ii) The
melting of the rpoH mRNA secondary structure at high tem-
perature leads to enhanced ribosome entry and translation
initiation without the involvement of other cellular components
(21). (iii) Supercoiling has been implicated in thermosensing of
virulence gene expression (22). Temperature may directly affect
H-NS, altering its capacity for DNA binding (23–25). (iv) The
TlpA autoregulator in Salmonella typhimurium changes its con-
formation according to the temperature (26).

In Streptomyces albus, a Gram-positive soil bacterium, there
are at least three different regulatory networks that control the
synthesis of different HSPs. Heat regulation of the groEL genes
involves the HrcA repressor (27). The HspR repressor, which
binds to an inverted repeat called HAIR, regulates the dnaK
operon and the clpB gene (28, 29). A third regulatory mechanism
represses the hsp18 gene, which encodes a small HSP protein that
plays a role in thermotolerance (30). The rheA gene (formerly
orfY), 150 bp upstream from and in the opposite orientation to
hsp18, encodes the repressor of hsp18 (31). The mechanisms of
thermoregulation of the RheA activity are unknown. Induction
of HSP after temperature up-shift is usually transient. In the case
of HSP18, a high level of expression is observed at high
temperature for several hours. This last observation suggests that
modulation of RheA activity is different from the feedback
mechanisms described for s32 and HrcA. To determine how
variation of temperature can modify RheA activity, we purified
the protein. RheA, in the absence of any other factors, was able
to sense temperature changes and to respond immediately by
regulating hsp18 expression. Change of RheA conformation
according to the temperature may be the basis of the transition
between the active and inactive forms.

Materials and Methods
Bacterial Strains, Plasmids, and DNA Manipulation. E. coli K12 strain
TG1 (32) was used as the general cloning host and E. coli strain
BL21lDE3 (33) was used for overproduction of protein in the
T7-promoter expression system. E. coli strains were grown in
Luria–Bertani (LB) broth supplemented with kanamycin
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(25 mgyml) as appropriate. Conventional CaCl2 (34) or electro-
poration procedures were used for E. coli transformation.
pET28a (Novagen) was used for the overproduction and puri-
fication of RheA from E. coli. Plasmid construction was carried
out as described by Sambrook et al. (35). Plasmid DNA was
extracted and purified from E. coli with the Qiagen plasmid kit.

Plasmid Construction. RheA was overproduced with pOLP12B.
This plasmid was constructed by inserting a 674-bp BspHIyXhoI
DNA fragment corresponding to the rheA coding sequence
between the NcoI and XhoI sites of pET28a. The DNA fragment
corresponding to the rheA sequence was generated by PCR
using oligonucleotides OLP1 (59-ATTCATGACCACCGC-
CGACCGCCC-39) and OLP2 (59-TACTCGAGGGACCGC-
CCGGACGAGGCC-39), thus replacing the TGA stop codon by
the XhoI restriction site. This allows the creation of a transla-
tional fusion adding six histidine residues to the carboxyl termi-
nus of the protein and places expression of the gene under the
control of a T7 promoter.

Purification of RheA. pOLP12B was used to transform BL21lDE3,
in which the T7 RNA polymerase gene is under the control of
the inducible lacUV5 promoter. The resulting strain was grown
in LB medium at 30°C until the mid-exponential phase (optical
density at 600 nm approximately 0.9), isopropyl b-D-
thiogalactoside (IPTG; 1 mM) was then added and incubation
was continued for 6 h at room temperature. The cells were
centrifuged at 2,600 3 g for 15 min and resuspended in 1y50 of
the culture volume of buffer I (50 mM sodium phosphate buffer,
pH 8y300 mM NaCly20 mM imidazole). The cells were dis-
rupted by sonication, and cell debris was removed by centrifu-
gation at 12,000 3 g for 20 min. The resulting crude protein
extracts were loaded on a 0.8-ml Ni-NTA-agarose (Qiagen; NTA
is nitrilotriacetate) column previously equilibrated with buffer I.
The column was washed with 20 ml of buffer I and 30 ml of buffer
II (50 mM sodium phosphate buffer, pH 6y300 mM NaCly30
mM imidazole]. RheA protein was then eluted with an imidazole
gradient (30–500 mM), and analyzed by SDSyPAGE on a 15%
acrylamide gel as described previously (36). Protein concentra-
tions were determined by using the Bio-Rad protein assay (37)
and UV absorbance («280 5 17,964 M21zcm21).

Gel Retardation Assays. A 270-bp DNA fragment, containing the
promoter region of hsp18 and rheA, was amplified by PCR using
oligonucleotides OP1 (59-ATCAGGATCCAGGCCGGGTCG-
GGGGTGAAGG-39)andOP2(59-ATCAGAATTCGCGGAA-
GGGGTCAGTGCGCA-39). This fragment was cut with EcoRI
and BamHI and end-labeled radioactively with [a-32P]dATP by
using the Klenow fragment of DNA polymerase I. The labeled
fragment was further purified by using the QIAquick PCR
purification kit (Qiagen). RheA was bound to DNA in a 20-ml
reaction mixture containing 104 cpm of 32P-labeled DNA, 1 mg
of calf thymus DNA, 100 mM NaCl, 10 mM TriszHCl (pH 7.5),
1 mM DTT, 10 mM MgCl2, 1 mM CaCl2, and 10% (volyvol)
glycerol by incubation for 10 min at 30°C or 41°C. Samples were
then loaded directly onto a 6% polyacrylamide gel (50 mM
TriszHCl, pH 8.5y400 mM glyciney1.73 mM EDTAy2.5% glyc-
erol) for electrophoresis (14 Vzcm21), for 1 h at room temper-
ature or 37°C (gel showing the loss of RheA DNA-binding
capacity at high temperature). The gels were dried and autora-
diographed. For competitor chase experiments, complementary
oligonucleotides used were annealed to obtain double-stranded
fragments.

DNase I Footprinting. DNA fragments used for DNase I footprint-
ing were prepared by PCR, using the Pfu polymerase and 20
pmol of each primer, one of which was previously labeled by T4
polynucleotide kinase and [g-32P]dATP. Oligonucleotides OP2

and OP3 (59-ATCAGGATCCGGTGGGGCCGGGGGTGG-
39) were used as primers. Labeled PCR products were purified
by using the QIAquick PCR purification kit (Qiagen). RheA
binding to DNA (50,000 cpm) was tested under the same
conditions as described for the gel retardation assays with the
addition of BSA (0.1 mg). Reactions were carried out as previ-
ously described (5) except that the quantity of DNase I added
was 6.7 ng.

In Vitro Run-off Transcription. RNA polymerase, kindly supplied by
A. M Duchêne (Institut Pasteur, Paris), was prepared from
cultures of Streptomyces coelicolor A3(2) strain J1501 (38) grown
24 h at 30°C in YEME medium according to Holmes et al. (39)
except omitting the final Superose 6 column. In vitro run-off
transcription (39, 40) was performed with '0.2 pmol of DNA
template and 5 mCi (1 mCi 5 37 kBq) of [a-32P]CTP. The 370-bp
SalIyMluI fragment of pPM1745 (41) containing the promoters
Phsp18 and PrheA was used as the template. The reaction
products were then separated on a 5% polyacrylamidey8 M urea
gel and visualized by autoradiography.

Circular Dichroism (CD) Spectroscopy. The CD spectra were ob-
tained with a Jobin–Yvon CD6 dichrograph equipped with a
thermostated cell holder. Each spectrum was the result of
averaging at least four successive spectra. CD spectra of RheA
(5 mM) were realized in 50 mM sodium phosphate buffer (pH 8)
containing 100 mM NaCl. At each step we allowed a 10 min
temperature equilibration time before recording the data.

Results
Overproduction and Purification of RheA. Overproduced RheA was
the major protein band in SDSyPAGE of an extract of E. coli
BL21lDE3 bearing pOLP12B (Fig. 1). After a one-step pu-
rification protocol that consisted of affinity chromatography of
the His-tagged protein on a Ni-NTA-agarose column, electro-
phoretically pure (greater than 95%) RheA was obtained.
Purified RheA migrated on SDSyPAGE as a band with an
apparent molecular mass of 25 kDa, in agreement with the
molecular mass of 23,953 Da calculated from the deduced
amino acid sequence of the His-tagged protein. Purified RheA
protein was soluble as shown by centrifugation. This allowed
utilization of the protein in biochemical assays. Purified RheA
was analyzed by gel filtration on a Superose 12 column. Two
symmetrical peaks corresponding to monomeric and dimeric

Fig. 1. Overproduction and purification of RheA. SDSyPAGE analysis of
crude extracts from E. coli BL21lDE3 carrying pET28a (lane 2) or pOLP12B (lane
3) and purified RheA protein after Ni-NTA affinity chromatography (lane 4).
Molecular mass standards (New England Biolabs) were loaded in lane 1.
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forms were detected at 22°C or 40°C (data not shown). The
monomer–dimer equilibrium was not altered by the temper-
ature of the chromatography.

Purified RheA Interacts with a Specific Inverted Repeat Motif. PrheA
and Phsp18 promoters are located in a divergent orientation
within the noncoding intergenic region between the rheA and
hsp18 genes (Fig. 2). Purified RheA was used in gel mobility-shift
DNA-binding assays with a 270-bp DNA fragment carrying the
promoter regions of rheA and hsp18. RheA altered the mobility
of this fragment in a concentration-dependent manner (Fig. 3A),
indicating that RheA binding to the promoter region was
specific. The location and sequence of the RheA binding site was
determined by DNase I footprinting assays (Fig. 4). RheA
protected a broad region on both strands. The protected area
encompasses the 210 box of the RheA promoter, suggesting that
RheA synthesis is negatively autoregulated. There are two
inverted repeats within this region: a perfect inverted repeat
(TGTCATCNNNNNGATGACA) overlaps the 235 sequence
of hsp18 and the 210 sequence of rheA (Fig. 2); and an imperfect
inverted repeat (GTCATCNNNNNGACGAC). To confirm that
those inverted repeats are involved in the hsp18 regulation,
unlabeled competitor chase experiments were performed by
adding a series of amounts of different oligonucleotides con-
taining the intact or mutated motif (Fig. 3). Oligonucleotides
(OP45 and OP67) containing the perfect inverted repeat effi-
ciently competed for the DNA-RheA complex (Fig. 3 B and C),
whereas those carrying two mutations (OP101 and OP123) in
this sequence had no effect on RheA binding to the labeled
probe (Fig. 3C).

DNA Binding of RheA Is Temperature Dependent. We investigated
the mechanism of thermoregulation of hsp18 expression. It could
involve a phosphorylation pathway leading to changes in gene
expression. Although RheA contains a putative phosphorylation
site (RQAAERRY) for a tyrosine kinase, no evidence for in vivo
phosphorylation of RheA was obtained by incubating the S. albus
wild type or S. albus pPS250, a strain overexpressing RheA (30),
with [32P]phosphate at various temperatures (results not shown).
To test whether RheA was able to sense temperature without
involvement of other cellular components, DNA mobility-shift
assays were carried out with preincubation at various tempera-
tures (Fig. 5A). The gel was at 37°C, an intermediate tempera-
ture, during electrophoresis. When the DNAyRheA sample was
incubated at 30°C, the DNA fragment was shifted (Fig. 5A, lanes
2–4). This shift was almost completely lost when the preincu-
bation was at 41°C (Fig. 5A, lanes 5–7). Thus RheA does not bind
to the DNA at high temperature. The effect of the incubation at
41°C was reversible. Cooling the sample to 30°C for 1 min was
associated with recovery of RheA binding (Fig. 5A, lanes 8 and
9). The temperature of the gel (37°C) affected the pattern of the

migration of the DNAyRheA sample preincubated at 30°C (Fig.
5A, lanes 2–4). Indeed, when the gel was run at room temper-
ature, 130 fmol of RheA totally shifted '0.05 pmol of DNA
fragment (Fig. 3A). With the same quantities of DNA, 170 fmol
of RheA was not sufficient to completely shift the DNA when the
gel was run at 37°C. This result implies that part of the

Fig. 2. Sequence of the rheA and hsp18 promoters region. Positions are
numbered relative to the translation initiation codon of HSP18. The transcrip-
tion start sites are in boldface letters. The ribosome binding sites are under-
lined. The DNase-I-protected area is shaded, and the RheA inverted repeat
recognition sequences are indicated by an arrow.

Fig. 3. In vitro analysis of RheA binding to a S. albus DNA fragment containing
the hsp18 and rheA promoters. Gel retardation assays were performed using a
270-bpradiolabeledDNAfragmentcorrespondingtothe rheA-hsp18promoters.
Gels were run at room temperature. (A) '0.05 pmol of labeled DNA fragment
was incubated with various amounts of purified RheA: lane 1, no protein; lane 2,
21.6 fmol; lane 3, 43.2 fmol; lane 4, 86.5 fmol; lane 5, 130 fmol. (B) Each lane
contains '0.05 pmol of the labeled 270-bp fragment, 130 fmol of purified RheA
(except lane 1), and one of a series of amounts of an unlabeled oligonucleotide
competitor. Lane 1, no protein; lane 2, no competitor; lane 3, 0.06 pmol of OP45;
lane 4, 0.12 pmol of OP45; lane 5, 0.24 pmol of OP45. (C) Each lane contains '0.05
pmol of the labeled 270-bp fragment, 130 fmol of purified RheA (except lane 1)
and one of a series of amounts of an unlabeled oligonucleotide competitor. Lane
1, no protein; lane 2, no competitor; lane 3, 0.06 pmol of OP67; lane 4, 0.12 pmol
of OP67; lane 5, 0.24 pmol of OP67; lane 6, 0.5 pmol of OP101; lane 7, 1.5 pmol of
OP101; lane 8, 0.5 pmol of OP123; lane 9, 1.5 pmol of OP123. (D) Sequences of
oligonucleotides used in the unlabeled competitor chase experiments.
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DNA-binding activity was lost during loading on the gel at 37°C.
In conclusion, the kinetics for the loss of DNA-binding activity
is extremely rapid (less than 1 min). The same kinetics was

observed for recovery of DNA-binding activity when the tem-
perature was increased (data not shown). RheA is not thermo-
denatured: it can be incubated at 41°C for at least 2 h and still
recover fully its binding activity at 30°C (Fig. 5B).

Transcription Assays Show the Repression Action of RheA. To con-
firm that RheA represses hsp18 gene expression and that it is an
autoregulatory protein, in vitro transcription was performed at
various temperatures (Fig. 6). A DNA fragment containing the
S. albus rheA and hsp18 promoters was used. Transcripts of 201
and 147 nt were observed for PrheA and Phsp18, respectively, in
good agreement with the expected sizes of the run-off tran-
scripts. In the presence of purified RheA, no mRNA synthesis
was observed at 30°C. This result clearly demonstrates that RheA
alone is sufficient to repress transcription at 30°C both from the
hsp18 promoter and from its own promoter. At 41°C, RheA, even
at high concentrations, did not repress transcription. To show the
reversibility of the reaction, RheA was heated at 41°C for 15 min
and then cooled to 30°C. The results obtained showed that RheA
fully recovered its activity as a repressor after temperature shift.
No other factor was required, indicating that RheA is the cellular
thermosensor for the hsp18 gene expression.

RheA Conformational Change Induced by Temperature. The heat
effect on RheA activity could be explained by a thermal tran-
sition between the active conformation, below 30°C, and an
inactive state above 40°C. To test this possibility, the tempera-
ture effect on the overall conformation was explored by using

Fig. 4. DNase I footprinting analysis of RheA binding to the hsp18 and rheA
promoter regions. Lanes contain '0.12 pmol of labeled template strand (A)
and nontemplate strand (B) of hsp18. Fragments were incubated with one of
a series of amounts of purified RheA: lanes 1, no protein; lanes 2, 0.22 pmol;
lanes 3, 0.44 pmol; lanes 4, 0.87 pmol; lanes 5, 2.6 pmol. A1G Maxam and
Gilbert reaction products with the appropriate DNA fragments were loaded in
lanes 6. Regions protected by RheA are indicated by brackets.

Fig. 5. Gel mobility-shift assays showing the loss of RheA DNA-binding
capacity at high temperature and its recovery at low temperature. Gel retar-
dation assays were performed with '0.05 pmol of the radiolabeled 270-bp
DNA fragment corresponding to the rheA and hsp18 promoters. (A) DNA-
binding reactions were carried out at 30°C (lanes 2–4) or 41°C (lanes 5–7) or
after a temperature shift-back from 41°C to 30°C (lanes 8 and 9). Quantities of
RheA: lane 1, no protein; lanes 2 and 5, 43.2 fmol; lanes 3, 6, and 8, 130 fmol;
lanes 4, 7, and 9, 170 fmol. Electrophoresis was at 37°C. (B) RheA was incubated
2 h at 30°C (lanes 2 and 4) or at 41°C (lanes 3 and 5) before a 10-min binding
reaction at 30°C. Electrophoresis was at room temperature. Quantities of
RheA: lane 1, no protein; lanes 2 and 3, 260 fmol; lanes 4 and 5, 86.5 fmol.
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CD spectroscopy. CD spectroscopy was performed on RheA
between 195 and 260 nm at 30°C and after heating the sample
to 41°C. The temperature increase led to a complete change of
the profile (Fig. 7); this change was not caused by a trivial heat
denaturation; indeed, after cooling the cell to 30°C, the spectrum
obtained was similar to the initial spectrum recorded at 30°C.
This result confirms the data obtained in the gel retardation and
in vitro transcription assays, indicating stability of the protein in
this range of temperature. This change of RheA conformation in

relation to the temperature could represent a transition between
an active and an inactive form.

Discussion
Temperature regulation of heat shock genes is critical for the
survival of organisms in their environment. The involvement of
HSPs in thermotolerance is well established. However the
mechanism for the perception of the change in temperature that
stimulates the expression of heat shock genes is still debated. In
bacterial heat shock responses, repressor mechanisms appear
more common than positive regulation, like that involving the
sigma factor, s32. In S. albus, at least three negative regulators
(HrcA, HspR, and RheA) control the synthesis of different HSPs
(27, 28, 31). Two distinct regulatory patterns have been described
for the major thermoinducible proteins in S. albus: constitutive
synthesis of GroEL and HSP18 at high temperature and tran-
sient heat shock-induced synthesis of ClpB and DnaK (42). Our
data are consistent with the following model of heat shock
regulation. At low temperature, 30°C or below, RheA binds the
target in the promoter region, thus preventing the expression of
HSP18. When S. albus undergoes a heat shock, RheA is imme-
diately inactivated. Our results indicate that elements residing in
the primary amino acid sequence of RheA are sufficient both for
maintenance of this repressor in the binding form at low
temperature and for its heat-induced conversion to the non-
DNA-binding form. RheA acts as a cellular thermometer which
senses rises of temperature and derepresses the hsp18 gene to
synthesize HSP18, which allows the cell to survive at high
temperature. Previously we have shown that HSP18 contributes
to thermotolerance (41). The fact that RheA can directly sense
the temperature enables the cell to respond rapidly. The con-
stitutive synthesis of HSP18 (and RheA) for prolonged periods
at high temperature is consistent with the idea that RheA is
intrinsically temperature sensitive.

The mechanisms for the transduction of temperature effects into
the signal pathway of the heat shock regulon remain to be deter-
mined for other repressors such as HrcA and HspR. In B. subtilis,
the GroE chaperonin modulates the activity of the HrcA repressor
(20). The interaction of GroEL with HrcA in this bacterium
controls the availability of the active form of HrcA. Possibly a
similar mechanism controls HrcA activity in S. albus. However this
hypothesis apparently conflicts with our observation that GroEL is
constitutively produced at high temperature in this species (41).
Indeed, one of the predictions of the model proposing GroEL as the
modulator of the CIRCEyHrcA regulon is that it explains the
transient nature of groEL thermoinduction in B. subtilis. The HspR
repressor does not appear to be temperature sensitive, and gel
retardation assays show that HspR binds the HAIR (HspR-
associated inverted repeat) motif at 30°C and 41°C (43), suggesting
that in vivo another regulator modulates HspR activity. This
regulator may be the DnaK chaperone system, which may activate
HspR by facilitating its multimerization or its binding to the HAIR
sequence. Previous data (our unpublished results and C. Smith,
personal communication) indicate a direct interaction between
DnaKyGrpE and HspR.

In this paper, we demonstrate that RheA acts as a cellular
thermometer and that a thermoinduced change in the repressor
leads either to an active or to an inactive form. To our knowledge
only one bacterial transcriptional regulator capable of responding
directly to high temperature has been previously described: TlpA,
an autoregulatory repressor protein in Salmonella typhimurium
(26). The role of TlpA in Salmonella is not well established, but it
seems that it is a regulator of genes involved in virulence. A
conformational change after a physiological temperature shift
(from 25°C to 40°C) was reported by Hurme et al. (26) in their
analysis of TlpA by CD. CD spectra acquired at 30°C and 41°C with
RheA exhibit important differences that reflect a major structural
change in the conformation of RheA. These structural changes

Fig. 6. In vitro transcriptional repression by RheA. Purified RheA was assayed
for its ability to repress run-off transcription of the hsp18 and rheA genes at
various temperatures in the presence of the S. coelicolor RNA polymerase. The
molecular weight markers (in nucleotides) correspond to HpaII-digested
pUC19. Transcripts of the expected size, 147 and 201 nt, were observed for
Phsp18 and PrheA, respectively.

Fig. 7. Conformational change analyzed by CD spectroscopy. CD spectra of
the purified RheA (5 mM). The spectra were recorded in the same cell at 25°C
(—), 30°C (- —), 35°C (– –), 41°C (z z z), and 43°C (- —) and after a temperature
shift-back to 30°C (- - -).
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could explain the change in DNA-binding ability. TlpA contains an
extended coiled-coil domain allowing the protein to switch between
unfolded (monomer) and folded (coiled-coil oligomer) states. The
probability that RheA could adopt a coiled-coil conformation was
calculated with the COILS program (44). When a window of 14 and
the MTIDK unweighted matrix were used, three regions (32–45,
65–78, 144–157) each with a significant probability for forming a
coiled-coil structure were detected with the a-helical coiled-coil
motifs as heptad amino acid sequences (a-b-c-d-e-f-g) that are
repeated twice. Compared with the extensive coiled-coil domain of
TlpA, RheA contains only short coiled-coil domains. The CD
spectra permit estimating to 30% the percentage of a-helix in
RheA. In addition, RheA contains a leucine zipper-like dimeriza-
tion motif (at coordinates 191–212). RheA can form a dimer as
indicated by the chromatography experiment. Thermoinduced dis-
sociation of the dimer into monomers was not evidenced by gel
chromatography at 22°C and 40°C.

The sequence specificity of RheA binding was clearly shown
by DNase footprinting and gel mobility-shift assays. Binding was
directed to an inverted repeat (TGTCATCNNNNNGAT-
GACA) and was blocked only by competition with a fragment
containing the same sequence. No ‘‘helix–turn–helix’’ DNA-
binding type motif was found on RheA. A structureyfunction
analysis of RheA should allow determination of the regions
involved in ‘‘thermosensing’’ and DNA binding. In conclusion,
thermoregulation of the activity of regulators through confor-
mational change provides a simple and rapid mechanism that
facilitates their survival under stress conditions.
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